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A SPIRIN has been utilized for many years as a thera-
peutic agent because of its well known analgesic,

antipyretic, and anti-inflammatory activity. In recent
years unwanted side effects, particularly hemorrhage,
has been the subject of considerable concern. Gastro-
intestinal bleeding, occurring in patients on salicylate
therapy, has been considered due to inhibition of gastric
mucous production.14 Other data suggest that aspirin
also has a direct effect on the coagulation mechanism
by inhibiting platelet aggregation.8' 19"20

Salicylates have been shown to induce congenital
malformations in many animal species and be the cause
of a high fetal death rate.67"01"' Skeletal anomalies and
fetal hemorrhage located in the skin, liver, and stomach
have been observed following salicylate treatment in
late pregnancy.6'7,13

Since aspirin administration has shown its effect in
both man and experimental animals in all stages of the
life cycle, a study to help improve our understanding
of drug tolerance of this commonly used medication
would be useful. The purpose of this report is to study
the development and activity of the detoxifying enzyme
acetylsalicylic (aspirin) hydrolase in rabbit tissues from
midfetal to adult life.

Materials and Methods
Twenty-one white New Zealand rabbit does each

weighing 8 pounds with dated pregnancy were housed
in individual stainless steel cages. The pregnant does
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were maintained on standard rabbit chow and had an
unlimited water supply. Based on a dated gestational
period of 32 days, six does were lightly anesthetized with
dilute intravenous barbiturate-three at 18 days and
three at 25 days. Laparotomy was performed through a
midline incision. In each instance, both uterine horns
were mobilized and the uterine wall opened over each
fetus. Fetal midline laparotomies were then done with
intact placenta and umbilical vessels. Total hepatec-
tomy, bilateral nephrectomy, gastrectomy, and resection
of the entire small bowel were rapidly performed and
the tissues placed into iced potassium chloride solution.
The remaining 15 does were allowed to come to term.

Newborn rabbits were maintained in nests of fur, us-
ually prepared by the doe and were allowed to nurse
until the time of sacrifice. In the newborn and at 2, 5,
28 days, and six months of age three litters each were
sacrificed and their tissues analyzed.
The organs or tissues excised were similar to those re-

moved from the fetal rabbits and are listed in Table 1.
In all cases where fetuses and rabbits up to 4 weeks old
were studied, the figures represent pooled samples of an
entire litter, ranging from 3 to 8 animals. For the 6-month-
old rabbits, the figures indicate average activity in three
to five samples of each tissue, each from a separate
animal.

All steps in the enzyme preparation were carried out at
0-40C. After removal from the animal, the tissues were
placed immediately in 0.12 M KCI.
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TABLE 1. Levels of Hydrolysis A ctivity in the Varios Litters Stuidied
Mleasured in ilMicronioles A SA Hydrolyz.ed per Milligram of

Protein per Mlinuite X 10-4

2 wk. 3 wk. New- 2 day 5 day 4 week 6 motnth
fetus fettis born old old old old

Liver
Kidney
Small

I ntestinie
Stomach

3.7 3.5 18.9 22.2 26.9
0.0 1.1 5.5 3.8 3.3

0.0 1.8 1.8 44.4 76.0
0.0 2.2 2.8 31.4 25.8

139.0 88.6
3.7 5.4

136.0 50.0
57.5 44.0

The tissues were homogenized either by hand in a

teflon tipped tissue grinder or in the Virtis 45 homogenizer
at low speed for approximately five minutes, depending
on the amount of tissue and its fibrous content. In either
case, the tissues were ground until a homogenous su-

spension was obtained. No differences were noted in as-

says made on tissues prepared by the two methods.
The entire greater curvature of the stomach and the

first 5 inches of the small intestines were used in the
samples for the younger rabbits. In the older and larger
rabbits, the stomach and small intestines were scraped
separately to remove the linings only.
The homogenates were strained through several layers

of gauze and centrifuged at 9,000 rpm for 10 minutes.
The microsomal supernatant obtained was used as the
enzyme preparation. Total protein determinations were

performed on this fraction using a micro Biuret technic
described by Dawkins.3
The following substances were added to give the final

concentration needed in a 5 ml. system: KPO4 buffer;
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FIG. 1. This graph demonstrates the pattern of aspirin hydrolase
activity observed in fetal, newborn, young, and 6-month-old
rabbits. No activity is observed in the fetus. Starting at birth
(liver) or shortly thereafter (GI-tract) a rapid rise in the rate
of hydrolysis is observed with a gradual decline over 6 months.
At 6 months of age, liver shows the greatest activity. Kidney
activity remained very low throughout the duration of the pro-
cedure.

0.01 M; pH 7.0; acetylsalicylic acid 30 ,Lg/ml.; enzyme
in 0.05, 1.0 mg./ml. concentration, depending on the
activity. The reaction was started by the addition of the
enzyme. A control with boiled enzyme was run with each
experiment. Incubations were carried out in a 37°C
shaker bath. 1.0 ml. aliquiots were removed at various in-
tervals of time and added to 50 ml. centrifuge tubes con-
taining 0.5 mg. 5% KHSO4. Five ml. of anhydrous ether
were added immediately and tubes were tightly stoppered.
The tubes were then shaken 100 times by hand and spun
5 minutes at 1500 rpm. Three ml. of the ether extract
was pipetted into a second 50 ml. centrifuge tuibe con-
taining 3.0 ml. of KPO4 buffer, 0.01 M, pH 7.0. These
were then shaken and sptun again. The ether laver was
discarded and N., bubbled through the aquleous laver for
30 seconds to remove the remainiing ether.
The salicylic acid present was then determined on an

Aminco-Bowman spectrophotoflurometer using excitation
at 310 mu and emission at 410 mu against a standard of
salicylic acid in concentration ranging from 0.1-2.0 jig/
ml.

Results
During the fetal period there was little, if anly, hydro-

lase activity in any of the organs tested (Table 1).
At the time of birth, however, the liver showed a five-

fold increase in hydrolysis rate while hydrolase activity
of kidney, small intestine, and stomach remained low.
During the first week of life, the rate of liver hydrolysis

continued to rise. The first significant stomach and small
intestine activity appeared at 2 days and by 5 days had
exceeded that of the liver. The kidney activity remained
low.
By 4 weeks of age, all hydrolase activity had reached

a maximuim from which there was a gradual decline over
the next 5 months to stable levels. At 6 months of age the
greatest activity was observed in the liver.

Discussion

Infants and children are more sensitive to salicylates
than adults. However, very little is known about the sus-
ceptibility of the human fetus to this medication.5 The
mechanism of teratogenic action of acetylsalicylic acid
has been considered due to a direct toxic effect on fetal
cells and/or an uncoupling effect on oxidative phosphory-
lation.10"11 Salicylates have been shown to have a signifi-
cant influence on intermediary metabolism and exert in-
hibitory effects on at least three vital groups of cellular
enzymes: oxidative phosphorylases, dehydrogenases, and
transaminases.17
The development of enzyme activity in fetal and neo-

natal animals has numerous theories of explanation in-
cluding substrate induction, birth stress, adrenal innerva-
tion, and inhibitors of gene action or enzyme action.2'4
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1 2. 15 Moreover species and tissue differences are known
to be reflected in differences in the rate of enzyme de-
velopment. WVhile enzyme induction might occur in the
fetal liver as thought by Weinberger et al,18 experiments
in our laboratory and by others stuggest that acetylsali-
cylic acid (aspirin) hydrolase at birth follows the develop-
mental pattern of other hydrolases such as glucose-6-
phosphatase.2 Its appearance therefore must be explained
in terms of adrenocortical activity associated with birth
stress and environmental change from intrauterine to
extrauterine life.

Centrifugation studies in this report show that most
aspirin hydrolase activity is present in the microsomal
fraction of the tissues studied with very little activity
found in the cytoplasmic supernatant.
Two patterns of activity were noted in rabbit tissues.

The first exemplified by the liver, where enzyme activity
was absent in the fetus, appreciable at birth, rising to a
maximum and gradually falling to a stable level. The
liver had the highest levels observed in older animals.
Kidney activity was present at birth also, but did not rise
further.
The second pattern of aspirin hydrolase activity was

followed by the gastrointestinal tract where no activity
was present until after birth. Activity rose rapidly for a
few days, and then more slowly to a maximum and
then dropped off by 6 months of age to a lower level than
the liver.
While it may be difficult to assume that hydrolase activ-

ity in the human is similar to the rabbit because of signifi-
cant variations between species, there is evidence to
show that enzyme activity in the liver of premature in-
fants is comparable with both rat and rabbit fetuses.12

Salicylate induced enzymatic inhibition of the synthesis
of acid sulpho-mucopolysaccharide (an important factor
in ground substance) has been suggested as a cause of
skeletal malformations in fetuses of experimental ani-
mals.13

Eriksson demonstrated fetal hemorrhages located in
the liver, skin, and stomach was a common finding fol-
lowing salicylate treatment in mice late in pregnancy.6 7
These fetuses showed decreased prothrombin levels, di-
minished liver glycogen stores, and liver hemorrhage
with hepatatic-cell necrosis. The present report suggests
that these findings may be due to absence of activity of
the detoxifying enzyme acetylsalicylic acid (aspirin) hy-
drolase in the fetal liver.

It has been suggested that fetal hemorrhage may also
be due to anoxia associated with degenerative changes in
the liver. In addition, thrombocytopenia and/or a coagu-
lation defect due to a depression of some coagulation
factors has also been suggested as the underlying meeha-
nism of induced hemorrhage.8'9 Bleyer and Breckenridge
described platelet dysfunctions and diminished factor

XII activity in human newborn infants of mothers who
had taken aspirin during the week prior to birth.'

Aspirin appears to inhibit the release of endogenous
platelet ADP, and thus, prevents collagen induced plate-
let aggregation.8" 1920 The "acetyl" structure of aspirin is
of great importance since sodium salicylate does not in-
hibit platelet release of ADP and subsequent aggrega-
tion.

Gastric hemorrhage in patients receiving aspirin has
been attributed to an increased gastric mucosal per-
meability for the hydrogen ion.'6 Menguy also described
a decrease in the rate of secretion and change in carbo-
hydrate composition of gastric mucus due to aspirin
administration.'4 These findings suggested that gastric
injury results from an impairment of mucosal defense
mechanisms against the erosive action of acid gastric
juices.
Absence of the detoxifying enzyme aspirin hydrolase

may play a role in instances of fetal hemorrhage and
skeletal malformations. However, high levels of the
enzyme are present after birth and indicate that other
factors, particularly aspirin inhibition of platelet ADP re-
lease and changes in gastric mucus play a significant role
in older patients on aspirin therapy who exhibit bleeding
problems. Exceptions to this may occur in premature in-
fants and in older individuals with severe liver disease
where a relative deficiency of enzyme activity may exist.
Furthermore, these observations suggest a possible po-
tential hazard in the administration of aspirin to gravid
females late in pregnancy, in premature infants, and in
patients with severe liver disease and/or known bleed-
ing disorders where control of hemostasis may be a prob-
lem.

Summary

This report describes the development of the detoxify-
ing enzyme acetylsalicylic acid (aspirin) hydrolase in
rabbit tissues from midfetal to adult life. The litters of
21 rabbit does with dated pregnancy were studied. Tis-
sues were obtained from fetuses in the second and
third week of gestation, newborn, 2, 5, 28 days, and
6-month-old rabbits. The hydrolysis rate of the micro-
somal fraction of liver, kidney, and the gastrointestinal
tract were evaluated. Little hydrolase activity was ob-
served in any of the fetal tissues. A five-fold increase in
liver activity was noted at birth. Kidney activity remained
low in all animals studied. Gastrointestinal activity ap-
peared at 2 days. By 4 weeks of age liver and gastro-
intestinal hydrolase activity reached a maximum and
gradually declined to stable levels. At 6 months the liver
tissue had the greatest activity.
Absence of the detoxifying enzyme aspirin hydrolase

may play a role in instances of fetal hemorrhage and
skeletal malformations observed in fetuses of pregnant
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animals treated with aspirin. However, high levels of
enzyme present after birth indicate that other factors
particularly aspirin inhibition of platelet ADP release,
and changes in gastric mucus play a significant role in
older patients on aspirin therapy who exhibit bleeding
problems. These observations suggest a possible potential
hazard in the administration of aspirin to gravid females
late in pregnancy, in premature infants, and in patients
with severe liver disease and/or known bleeding dis-
orders, where control of hemostasis may be a problem.
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